(1) Physical separation between the primary beam and the recoil products if these differ in one or more of the following parameters: velocity (v), energy to charge ratio (E/q), or mass to charge ratio (m/q). The suppression of unwanted particles will depend on the extent to which. they differ from the desired particles in these three quantities.
(2) Mass determination up to the superheavy element region with unit mass resolution. (4) Z-identification. The Z-reso1ution will depend on the details of the reaction and the construction of the spectrometer. In favorable cases unit Z-reso1ution up to Z = 100 can be expected.
(5) The full angular range from 0 0 to approximately 160 0 can be studied.
(6) All particles which can be accelerated by the SuperHILAC can be analyzed.
This includes 2 GeV uranium.
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II. THE BASIC CONCEPT
Limitations imposed by target thickness and uniformity, scattering and straggling, beam quality and beam intensity, high coulomb barriers, kinematic broadening, etc. make it advisable to consider -as the first spectrometer for the SuperHILAC -an instrument with moderate energy resolution but great flexibility as a kinematic tool.
The basic concept is therefore a velocity filter coupled with a magnetic spectrometer. (Fig. 1) The whole instrument is dispersionless in energy and constitutes a recoil mass spectrometer. Moderate energy information will however be obtained from the focal-plane detector and/or time of flight measurements.
The following is a brief description of the principle of the spectrometer.
The· electrostatic deflection in the velocity filter can be expressed as The principal components of the spectrometer consist of one electrostatic followed by two magnetic deflectors.
A variation in the electric rigidity can be expressed to first order as:
K is the dispersion constant. This is followed by a magnetic field. Its variation in rigidity is expressed as:
If the magnetic is opp. osite and equal to the electric dIspersion K =-K el mag o~e obtains a pure velocity spectrum (the /J.m/m -terms cancels). The second magnetic dipole is identical to the first one and compensates the remaining velocity dispersion so that a pure mass spectrum results~ Schematically this can be written as:
All mass lines in the focal plane will however be split into "multiplets" according to their ionic charge. In some cases these lines will overlap.
To remove this charge ambiguity a time-of-flight system forms an integral part of the spectrometer. Start detectors can be located behind the E/q-slit and/or the velocity slit. The focal~plane detector atts a~ a stop-detector.
In addition the focal-plane detector allows a coarse energy measurement. This coarse energy measurement (E:) and the velocity measurement from TOF result in tV a coarse mass determination (m) which allows to resolve the m/q ambiguities.
Schematically:
tV tV
The "exact" energy of the particle can then be obtained from
Two modes of operation of the spectrometer are anticipated. For·compound nucleus reactions and other reactions near zero degrees a beam inflection system will be -5-used which scans a moderate range of _5° to + 30°. For studies at angles larger than 30° the first part of the spectrometer (the electrostatic deflector) will be bypassed and the second part used as an "ordinary" magnetic analyzing system.
The angle over which this magnetic part of the spectrometer can turn will be as large as practical: _10° to approximately +160°. The idea here is that. for large angles the beam separation afforded by the electrostatic deflector is not necessary because the ~ntensity of the scattered beam falls sharply with increasing angle.
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Grazing collisions:
One of the dominating features of grazing collisions is the 'transfer of one or more nucleons between target and projectile. The other is the excitation of rotational levels by coulomb interaction. With very heavy projectiles the interesting situation occurs, that the target may be coulomb excited to higher states before transfer occurs. By studying transfer reactions on excited totationa1 stat~s one should be able to learn something about the super fluid properties of these states. For studies of this kind it is however necessary that an instrument with single mass resolution be available. For very heavy ions this can only be achieved with a spectrometer.
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Composite systems
As the overlap of nuclear densities increases larger amounts of nuclear matter are exchanged. This is however not only a function of overlap but also of contact time and is therefore seen by L. G.
Moretto as a form of nuclear diffusion process. Part of the experimental evidence is. that target and projectile maintain some of their initial identity in the reaction exit channel. For light projectiles successful studies of this reaction mechanism has been possible with (gas-6E)-E detector systems. giving however only Z-identification.
Since masses are not determined the transformation from laboratory to center ·of mass system is uncertain and thus the reaction kinematics.
Also neither Z nor A can be determined with sufficient resolution for the heavy partner and it is not known how much particle evaporation occurs. A coincidence arrangement between the (gas-6E)-E telescope and a spectrometer could alleviate some of these uncertainties. In the optical model picture (R. Vandenbosch) it is thought that surface transparency is responsible for the sharply peaked angular distributions seen for instance in the deep inelastic scattering of Kr on Pb. This phenomenon might be enhanced where target and projectile are of comparable mass. In this case the large separating power between beam and reaction products of the spectrometer becomes important. This is based on the observation that a rapid relaxation of the entrance channel kinematic energy into the internal degrees of freedom occurs.
And since the spectrometer operates predominantly on energy and velocity differences it would be well suited for the study of this type of reaction mechanism.
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All of these highly inelastic processes show a broad distribution in charge and mass as well as in energy, and the spectrometer has to be optimized so as to accept as large a "bite" of these parameters as practical. For the investigation of high angular momentum fission be it of the fusion-fission or the quasi-fusion type -the zero degree properties of the spectrometer become important. Since the angular distribution is forward peaked the highest yield for the study of these fragments is obtained at zero degrees.
3. Quasi symmetric reactions and inverse fission. According to J. R. Nix one of the best ways to obtain experimental information about the nuclear potential energy of deformation, the nuclear inertia, and nuclear viscosity is to measure the cross-section for compound nucleus formation in the collision of two nearly symmetric moderately heavy nuclei, because a necessary condition for forming a compound nucleus is that the dynamic trajectory for the fusing system pass inside the fission saddle point (in a multi-dimensional space). An example of a proposed reaction is 110 p d + 110pd -+ 220U. The spectrometer would provide sufficient background suppression to make the observation of such a compound system possible.
If the a-halflife of 220U is too short (estimate "'3ns) i24Sn + 124 -+ 248Fm* could be sttidied.
A reaction quite different from the above but requiring the same detection apparatus can be explored with deformed nuclei. In the collision of such nuclei with deformed targets at the lowest energy at which the nuclear reaction will occur, the contributing collisions will be of the tip-to-tip type -termed by J. o. Rasmussen: inverse fission. Other orientations -9~
will not contribute to the reactions because the surfaces are not close enough together.
4. Reverse reactions and secondary reactions. Two somewhat exotic reaction mechanisms which could benefit from a spectrometer will be discussed briefly. A classical compound nucleus reaction is for example 208Pb(48 Ca ,3n)253 No . Having a lead-beam available however the inverse rea~tion 48Ca(~08Pb,3n)253No can be studied. Because of the much higher forward momentum of the product, thicker targets can be used and a leadbeam might be less expensive than 48 Ca . The recoil energy in the "normal"
reaction is 170 KeV, in the reverse reaction it is 3.1 MeV. The ratio of \ the recoil energies for a given reaction goes as the square of the ratio between target and projectile masses, .which in the Ca-Pb example is·18.7.
The higher recoil energy greatly inproves the energy resolution in a focalplane-stop detector and makes Z-identification up to Z = 100 possible. In some cases even radioactive targets could be used with the reverse reaction mechanism while it would be highly impractical to produce radioactive beams for the "normal" reactions. To take full advantage of this method however particles of similar mass (in the above case mass 208 and 253) have to be separated efficiently which can only be done with a spectrometer.
The second exotic mode of operation is based on the following idea. Since the spectrometer consists essentially of two idependent sections -a velocity separator and a magnetic analyzer, it is possible to produce secondary beams of proton or neutron rich projectiles which could react with a second target. is essential in these studies due .to the prolific yield of beta delayed proton emitters nearer stability, which constitute an overwhelming "background". The advantage of .the spectrometer over the existing RAMA system would be the higher efficiency (factor 10) and the short separation time of approximately l~s (factor 10 5 ).
-11-6. Superheavy elements. The predicted center of the island of stability is at N = 184, Z=114. If such a nucleus could be formed it would -without a spectrometer -be difficult to determine its mass or nuclear charge. __ If the halflife were sufficiently long chemical studies could lead to a Z identification. A study of the decay properties would then reveal its identify (fast a~decay, high a-energies, large fission energy, a-fsequence,'large neutron multiplicity, K,L-X-ray measurements), For a timescale down to approximately lOOms a He-jet system could be used relying again on decay properties for identification. With the spectrometer however the mass of the superheavy element could be determined to within one mass and in addition its decay modes cotild be studied. The background due to scattering will determine the lower limit of the cross-sections which can be measured.
Another method of superheavy production is the collision of two heavy nuclei like U + U. The idea is that there is a finite probability that among the fission fragments a sufficiently "cold" nucleus with low angular momentum will survive secondary fission. To study this effect the yield of "intermediate" heavy nuclei like 259Fm has to be studied. Since many of these nuclei are short-lived, off-line techniques cannot be used, a He-jet system or a spectrometer are required.
-12- The position resolution of focal-plane detectors is approximatelylmm. In order not to limit the res.olution of the instrument by the resolution of the detector a mass-line separation of 3mm is required. To achieve a mass resolution of m//).m = 300 the, dispersion has to be lcm/%. It then follows that the magnification has to be 1 for a target size of 3mm.
As indicated before the mass dispersion equals the velocity dispersion which then becomes also lcm/%.
The energy dispersion is twice the velocity dispersion viz. 2cm/%.
Considering ion optical aberrations, the size of the quadrupole apertures, and the vacuum chamber, the maximum excursion of the beam at the E/q -focus has to be limited to approximately 20cm. This results in an energy acceptance of 10%.
The maximum necessary inflection angle for the velocity filter is determined by / Rutherford scattering Considering the worst case: Uranium on Uranium near the coulomb barrier, it can be calculated that at 30° the contribution from coulomb-scattering and multiple scattering becomes so small that it can he diRcriminated against with the spectrometer.
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